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Abstract
Background: A hospital's clinical information system may require a specific environment in which
to flourish. This environment is not yet well defined. We examined whether specific hospital
characteristics are associated with highly automated and usable clinical information systems.
Methods: This was a cross-sectional survey of 125 urban hospitals in Texas, United States using
the Clinical Information Technology Assessment Tool (CITAT), which measures a hospital's level
of automation based on physician interactions with the information system. Physician responses
were used to calculate a series of CITAT scores: automation and usability scores, four automation
sub-domain scores, and an overall clinical information technology (CIT) score. A multivariable
regression analysis was used to examine the relation between hospital characteristics and CITAT
scores.
Results: We received a sufficient number of physician responses at 69 hospitals (55% response
rate). Teaching hospitals, hospitals with higher IT operating expenses (>$1 million annually), IT
capital expenses (>$75,000 annually) and hospitals with larger IT staff (≥ 10 full-time staff) had
higher automation scores than hospitals that did not meet these criteria (p < 0.05 in all cases).
These findings held after adjustment for bed size, total margin, and ownership (p < 0.05 in all cases).
There were few significant associations between the hospital characteristics tested in this study and
usability scores.
Conclusion: Academic affiliation and larger IT operating, capital, and staff budgets are associated
with more highly automated clinical information systems.
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Background
An emerging evidence base suggests that clinical informa-
tion technologies, such as electronic medical records,
computerized order entry, and electronic decision sup-
port, can improve the quality of care within the hospital
environment [1,2]. U.S. hospitals are rapidly trying to
expand their capabilities in these areas but informaticians
have long recognized that effective information systems
do not emerge fully formed, Athena-like, from the point
of purchase. Examples of failure in design, implementa-
tion and planning abound [3-6] and hospital systems,
healthcare policy makers, and software developers are
interested in how to best design and support these systems
for the healthcare environment.
To flourish, an information system may require a specific
blend of hospital or organizational characteristics in
which to root [7-9]. The precise mix of this "nutrient envi-
ronment" is not well defined. Attempts to characterize
this environment have been challenged by a lack of stand-
ardized instruments that measure the degree to which a
hospital information system is automated [10,11]. A reli-
able measurement system must be constructed using a
socio-technical view of inpatient medicine [12]. This view
holds that the delivery and quality of clinical care is influ-
enced by dynamic interactions between the social aspects
of an organization, i.e., its policies, norms, and culture,
and its technical routines, such as those imposed by an
information system [12].
We previously developed a clinical information technol-
ogy assessment tool (CITAT) that quantitatively measures
a hospital's level of automation and usability based on a
physician's daily interaction with their information sys-
tem [13]. The instrument was designed and tested using a
socio-technical view of inpatient clinical practice and has
demonstrated reliability and validity [13,14]. In this
study, we examine the relation between specific organiza-
tional characteristics, i.e., the "nutrient environment,"
and the degree to which the hospital information system
is automated and usable, as measured by scores on the
CITAT.
We hypothesized that investment in the human resources
that support information technologies, such as the size of
a hospital's IT staff, would be associated with more usable
clinical information systems. We also hypothesized that a
hospital's automation score would be positively associ-
ated with bed size, ownership, financial strength, and
teaching status. Urban hospitals that take care of unders-
erved or minority populations in the United States, often
labeled "safety net hospitals," frequently have fewer finan-
cial resources at their disposal. Some authors have sug-
gested that current disparities in health care may be
perpetuated if such hospitals are not assisted in the move-
ment to digitization [11]. We hypothesized that urban
safety net status would be negatively associated with auto-
mation and usability.
Methods
Study Design and Study Population
We conducted a cross-sectional study of urban hospitals
in the state of Texas. We chose Texas because it contains
among the largest number and variety of hospital organi-
zations in the United States, several different metropoli-
tan areas, and diverse physician and patient populations.
We sampled from 125 general, acute care hospitals
located within 10 geographically dispersed metropolitan
statistical areas (MSAs) in Texas (Abilene, Austin, Dallas,
El Paso, Houston, Laredo, Lubbock, McAllen, San Angelo,
and San Antonio). We excluded rural, pediatric, specialty,
or long-term care facilities or hospitals that were in the
process of closing or merging with another facility. The
Johns Hopkins University School of Medicine Institu-
tional Review Board approved our research protocol.
Dependent Variables
The physician-based clinical information technology
assessment tool was produced in eight steps according to
established methods of survey development. These steps
included: development of a conceptual model, literature
review, content identification, item construction, pre-test-
ing, item selection, and item re-classification. The CITAT
instrument was further tested and validated in four
diverse U.S. hospitals, and demonstrated discriminant
validity, convergent validity, reliability, and precision
[13]. The instrument received subsequent testing in a
study of intensive care unit information systems [14].
The CITAT assesses a system's automation  and  usability.
Automation represents the degree to which clinical infor-
mation processes in the hospital are fully computerized
and is divided into four distinct sub-domains: test results,
notes & records, order entry, and a set of other sub processes
largely consisting of decision support [13]. To score highly
on a given automation sub-domain, the CITAT requires
three factors of routine information practices: 1) the prac-
tice must be available as a fully computerized process; 2)
the physician must know how to activate the computer-
ized process; and 3) he or she must routinely choose the
computerized process over other alternatives, such as writ-
ing an order or making a telephone call. Usability repre-
sents the degree to which information management is
effective and well supported from a physician standpoint,
regardless of whether a system is automated or manual.
An overall measure, called the CIT score, represents an
average of the automation and usability scores (the survey
items can be obtained from the corresponding author).BMC Medical Informatics and Decision Making 2008, 8:39 http://www.biomedcentral.com/1472-6947/8/39
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Using the American Medical Association (AMA) master
file, we selected a 50% random sample of Texas physicians
from those who were indicated: 1) to have practice loca-
tions in the designated MSAs; and 2) to be practicing
internal medicine (including 9 sub-specialties), general
surgery (including 10 sub-specialties), or family practice
(n = 7,432). We mailed surveys to each of the selected
physicians between December 2005 and May 2006. We
asked the physician to indicate whether they practiced
inpatient medicine, and, if so, to select the hospital in
which they provide the majority of their inpatient care. To
be eligible, physicians had to actively practice in one of
the 125 hospitals selected for this study. As guided by
prior work, hospitals for which we did not receive five ran-
domly sampled physician responses were eliminated
from further analysis due to the possibility of unstable
estimates [14].
The CITAT contains additional items that elicit the back-
ground characteristics of the respondents. This included
information on the number of inpatient hours provided
by the physician in a given week and the number of years
practiced at the designated hospital. In addition, compu-
ter familiarity and attitude toward computers were
assessed through three separate items that were used in
previous deployments of the CITAT. Age, sex, specialty,
and year of medical school graduation were obtained
through the AMA master file. This information was used
to assess potential relationships between IT scores and
respondent characteristics that might be required for sta-
tistical adjustment.
Independent Variables
Hospital characteristics were obtained from the 2005 sur-
vey of the Texas Hospital Association and the American
Hospital Association (AHA) annual survey of Texas hospi-
tals. For each hospital in our sample, we obtained the
ownership status (public, private/non-profit, and private/
for-profit), bed size, total margin, IT operating expense, IT
capital expense, and IT staff size. Hospitals were character-
ized as teaching if they possess a Council of Teaching Hos-
pitals (COTH) status designation. Safety net hospitals
were defined using previously established financial classi-
fications [15].
Statistical Analysis
For each respondent, an automation score, usability score,
and four separate sub-domain scores were calculated
using methodology previously described [13,14]. Each
hospital was then assigned the median value of the scores
derived from respondents affiliated with that hospital.
Hospital characteristics were dichotomized based on the
median value for hospitals in the target sample.
The major objective of our analysis was to examine the
relationship between hospital characteristics and CITAT
scores, after identifying and adjusting for potential con-
founders. We first examined whether any responder char-
acteristics such as physician specialty, age, computer
orientation, computer sophistication, years of practice at
the hospital, or number of hours delivering care at the
hospital were independently associated with the depend-
ent variables (CIT, automation or usability) and inde-
pendent variables (hospital characteristics). Student's t
test and analysis of variance methods revealed no inde-
pendent, simultaneous relationships. Thus respondent
characteristics were eliminated as potential confounders.
This finding was consistent with the results of previous
work [13].
We separately compared the mean CIT, automation, and
usability scores for each hospital characteristic using
either Student's t test or analysis of variance. This crude
analysis of hospital characteristics was a means to identify
potential confounders that would require adjustment in a
multivariable regression. We then tested the presence,
strength, and independence of associations between each
of the hospital characteristics and the CIT, automation,
and usability scores using linear regression models,
adjusting for the percentage of complete responses and
accounting for possible within-hospital clustering of phy-
sician responses by using robust variance techniques.
Three variables, bed size, ownership, and total margin,
were highly correlated with other hospital characteristics
(control, operating margin, and debt service coverage)
and were also associated with either the automation or
usability scores. We included these variables in each of the
multi-variable regression models examining the relation-
ship between hospital characteristics and CITAT scores. To
normalize the expenditures for IT operating expenses, cap-
ital expenses, and IT staff for hospital size, we performed
a sensitivity analysis examining the relationship of each of
these independent variables, divided by bed size, with the
dependent variables. Results were considered statistically
significant if p value ≤ 0.05. STATA version 8.2 (College
Station, TX) was used for all analyses.
Results
Response Rate and Characteristics of Study Hospitals
We received five or more physician responses for 69 of the
125 targeted hospitals (55% response rate). Response
rates were generally robust across hospital categories
(Table 1); we had excellent response rates among teaching
hospitals, safety net hospitals, and hospitals with large IT
staffs (83%, 87%, and 74% respectively). Hospitals with
smaller bed size, lower total margin, lower operating mar-
gin, or lower IT staff had lower response rates (41–45%).BMC Medical Informatics and Decision Making 2008, 8:39 http://www.biomedcentral.com/1472-6947/8/39
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Responding physicians were older (average age, 50 years)
than non-responding physicians (average age, 47 years).
The percentage of participating physicians who were male
(81%) was not significantly different than the percentage
of male physicians who did not participate (78%). Of all
participating physicians, 43% specialized in internal med-
icine, 36% in surgery, and 22% in family practice. These
proportions were similar to those among non-participat-
ing physicians. Responding physicians were asked to indi-
cate how many hours a week they spend delivering
inpatient care at their hospital. The percentage of respond-
ents who practice <10 hours per week, 11–20 hours per
week, and 21–40 hours per week were similar at 24%,
26%, and 20%. Slightly fewer respondents reported work-
ing 41–60 hours per week (14%) or > 60 hours per week
(16%). As would be expected, the proportion working
>40 hours per week was higher among teaching hospitals
(47% vs. 24% in non-teaching hospitals) and hospitals
with larger bed size (37% vs. 19%).
Distribution of CITAT Scores
Overall CITAT scores were low in this sample of hospitals
(Figure 1). The median automation score was 18.3 (out of
a total of 100 points), with a floor at 8.2 points. The usa-
bility score was higher than both CIT and automation,
with a median score of 40.6. The CIT score, an average of
the automation and usability scores, was normally distrib-
uted and also exhibited low values (median, 29.1). Most
hospitals scored poorly on order entry and decision sup-
port, both of which had floors at 0 points and median val-
ues of 11.7 and 5.3, respectively. Notes and records and
test results had the broadest distribution with higher
median values of 28.7 and 53.4, respectively. The median
total margin for hospitals in this study was 0.03; both
safety net hospitals and hospitals that exceeded a total
margin of 0.03 follow the distributions of other hospitals
(Figure 1).
Relationship between Hospital Characteristics and CITAT 
Scores
CITAT scores were related to several hospital characteris-
tics. In the unadjusted analysis of mean scores, automa-
tion scores were statistically significantly greater across
multiple hospital characteristics (Tables 2 and 3). Aca-
demic hospitals and hospitals with larger bed sizes, IT
operating expenses, and IT staff demonstrated higher
mean CIT and automation scores than hospitals with
fewer beds (p < 0.05 in all cases). Hospitals with higher IT
operating expense, IT capital expenses, and larger IT staff
had greater mean automation scores (p < 0.05 in all
cases).
In the adjusted multivariable model, several of these asso-
ciations persisted (Tables 2 and 3). Teaching hospitals had
higher CIT scores (4.6 points higher, p = 0.002) than non-
teaching hospitals. Hospitals with higher IT operations
expenses, capital expenses, and larger IT staff continued to
have higher automation scores (p < 0.05 in all cases). In
contrast, hospitals with larger bed size or higher total mar-
gins did not have higher CIT, automation, or usability
scores in the adjusted models. In addition, adjusted scores
for urban safety net hospitals were not lower than those
for non-safety net hospitals in any category. In the
adjusted analysis, the type of ownership (church or not-
for-profit, government, or for-profit) was not related to
CIT, automation, or usability scores.
The adjusted analyses were repeated for each of the auto-
mation and usability sub-domains. Automation of test
results were statistically significantly higher for teaching
and not for profit hospitals and hospitals with larger bed
size, greater total margin and IT capital expenses (p < 0.05
in all cases). Teaching hospitals also scored more highly
on the decision support and user support sub-domains (p
< 0.05 in both cases). Hospitals with a lower average age
Table 1: Characteristics of Responding Hospitals
Hospital Characteristic* # Responding (%) Response Rate (%)∫
Teaching Status
Teaching 10 (14%) 83%
Non-teaching 59 (86%) 52%
Urban Safety Net Status
Urban safety net 7 (10%) 87%
Non-urban safety net 62 (90%) 53%
Bedsize
<350 39 (57%) 45%
≥ 350 30 (43%) 83%
Ownership
Not-for-profit 35 (53%) 50%
Government 8 (12%) 70%
For-profit 23 (35%) 44%
Average Age of Plant
<10 years 45 (66%) 54%
≥ 10 years 23 (34%) 61%
Total Margin
< 0.03 22 (32%) 44%
≥ 0.03 47 (68%) 65%
IT Operating Expense
< $1 M 20 (30%) 41%
≥ $1 M 47 (70%) 66%
IT Capital Expense
< $75,000 24 (41%) 50%
≥ $75,000 35 (59%) 56%
Total IT Staff
<10 34 (52%) 45%
≥ 10 31 (48%) 74%
We received 5 or more physician responses from 69 hospitals. We 
did not have hospital characteristic data for all hospitals; thus some 
categories total less than 69.
In calculating the % response rate for categories where missing values 
were present, the denominator was reduced by the # of hospitals for 
which there was a missing value.BMC Medical Informatics and Decision Making 2008, 8:39 http://www.biomedcentral.com/1472-6947/8/39
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of plant (<10 years), and larger IT operating expenses, IT
capital expenses, and IT staff had higher order entry scores
(p < 0.05 in all cases).
In a separate sensitivity analysis, we divided each of the IT
spending variables (IT operating expense, IT capital
expense, and IT staff) by bed size to normalize these vari-
ables for the organization's size. We found no relation-
ship between the normalized IT expenditure variables and
CITAT scores, indicating that positive associations in the
original analysis (in particular, higher automation scores
associated with higher IT expenditures) diminished after
accounting for bed size.
Relationship between Automation and Usability
Every 10-point increase in the automation score was asso-
ciated with a usability score 3.8 points higher (Figure 2, p
< 0.01). The magnitude and significance of this relation-
ship held after adjustment for bed size, total margin, and
ownership status (3.5 points, p < 0.01).
Discussion
Many studies evaluating the adoption of CIT consider
implementation as a binary event; in other words a tech-
nology such as computerized provider order entry
(CPOE) is introduced into a group of hospitals and these
hospitals are then compared to hospitals without CPOE.
This approach makes it difficult to generalize results
because technology implementations are often on-going
processes with no distinct end point. The same CPOE sys-
tem is likely to have different performance characteristics
at 2 years post-implementation compared to 6 months
post-implementation, partly as a result of dynamic
changes involving both the technologic and organiza-
tional processes. Furthermore, the definition of informa-
tion technology is rarely standardized from the
perspective of the respondent; what may be defined as
CPOE at one institution may be significantly different in
scope, maturation, capability, and performance character-
istics at another institution. It would be challenging to
simply apply results based on simple terminologies cross-
Distribution of CITAT scores: a) CIT; b) automation; c) usability; d) order entry; e) notes & records; f) test results; and g) deci- sion support for all hospitals, hospitals whose total margin exceeds the median for all hospitals (≥ 0.03), and safety net hospitals Figure 1
Distribution of CITAT scores: a) CIT; b) automation; c) usability; d) order entry; e) notes & records; f) test results; and g) deci-
sion support for all hospitals, hospitals whose total margin exceeds the median for all hospitals (≥ 0.03), and safety net hospi-
tals.
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Table 2: Automation, Usability and Clinical Information Technology (CIT) Scores by Hospital Characteristic
Crude Unadjusted Adjusted*
Hospital Characteristic Physicians,
n (%)
Mean p β p β p
Automation
Teaching Status
Non-teaching 474 (77%) 18.6 ref ref ref ref
Teaching 141 (23%) 23.6 <.001 4.92 0.089 3.38 0.172
Urban Safety Net Status
Non-safety set 535 (87%) 19.1 ref ref ref ref
Safety net 80 (13%) 23.6 0.008 4.62 0.311 0.463 0.92
Bedsize
<350 268 (44%) 18.1 ref ref ref ref
≥ 350 347 (56%) 21.0 0.012 2.65 0.126 1.34 0.377
Ownership
Not-for-profit 347 (58%) 20.0 ref ref ref ref
Government 80 (13%) 24.0 4.02 0.368 3.86 0.385
For-profit 170 (29%) 18.0 0.007 -2.43 0.130 -2.24 0.201
Average Age of Plant
> 10 years 367 (60%) 20.2 ref ref ref ref
≥ 10 years 248 (40%) 19.1 0.353 -1.22 0.493 -3.09 0.093
Total Margin
< 0.01 236 (38%) 20.92 ref ref ref ref
≥ 0.01 379 (62%) 19.0 0.106 -2.05 0.325 -1.50 0.421
IT Operating Expense
<$1 M 163 (28%) 16.2 ref ref ref ref
≥ $1 M 428 (72%) 20.7 0.001 4.06 0.006 4.11 0.004
IT Capital Expense
<$75,000 193 (38%) 16.6 ref ref ref ref
≥ $75,000 313 (62%) 21.8 0.001 5.08 0.004 3.24 0.041
Total IT Staff
<10 248 (44%) 17.2 ref ref ref ref
≥ 10 318 (56%) 21.5 0.001 4.13 0.018 4.75 0.006
Usability
Teaching Status
Non-teaching 474 (77%) 39.8 ref ref ref ref
Teaching 141 (23%) 42.4 0.089 3.24 0.166 9.3 0.509
Urban Safety Net Status
Non-safety set 535 (87%) 40.7 ref ref ref ref
Safety net 80 (13%) 38.4 0.219 -1.54 0.636 -3.34 0.424
Bedsize
<350 268 (44%) 39.0 ref ref ref ref
≥ 350 347 (56%) 41.5 0.058 2.24 0.217 2.08 0.249
Ownership
Not-for-profit 347 (58%) 40.2 ref ref ref ref
Government 80 (13%) 39.2 -.418 0.904 -0.50 0.888
For-profit 170 (29%) 42.2 0.482 1.41 0.486 1.00 0.650
Average Age of Plant
> 10 years 367 (60%) 40.3 ref ref ref ref
≥ 10 years 248 (40%) 40.6 0.835 -0.22 0.905 -1.41 0.460
Total Margin
< 0.01 236 (38%) 39.0 ref ref ref ref
≥ 0.01 379 (62%) 41.3 0.070 2.03 0.271 2.12 0.286
IT Operating Expense
<$1 M 163 (28%) 40.2 ref ref ref ref
≥ $1 M 428 (72%) 40.9 0.606 0.95 0.628 0.59 0.802
IT Capital Expense
<$75,000 193 (38%) 41.7 ref ref ref ref
≥ $75,000 313 (62%) 40.1 0.282 -1.23 0.490 -0.70 0.726
Total IT Staff
<10 248 (44%) 39.6 ref ref ref Ref
≥ 10 318 (56%) 41.4 0.184 2.11 0.257 1.53 0.605BMC Medical Informatics and Decision Making 2008, 8:39 http://www.biomedcentral.com/1472-6947/8/39
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sectionally to different hospitals. The Clinical Informa-
tion Technology Assessment Tool (CITAT) examines
information technology capabilities in the hospital within
the context of the socio-technical environment of the organ-
ization. This view holds that successful IT implementa-
tions jointly optimize both the technology and the social
aspects of an organization, and that one aspect cannot be
understood without knowledge of the other[12,16] The
CITAT was designed with these concepts in mind and
avoids simple terminological definitions of hospital IT
that may not account for the usage, maturation, and capa-
bilities of the information system and the organizational
context in which it operates. Instead, the CITAT asks phy-
sicians whether a host of specific clinical activities in the
hospital are routinely and preferentially conducted using
computers. If there is insufficient user training, if the tech-
nology itself is unfriendly, or if the physician and organi-
zational routines are not aligned with the technology, the
CITAT scores for that hospital will be low, regardless of
the cost or scope of the technologic acquisition. This
approach allows the IT variable to be standardized across
study hospitals and renders highest scores to those hospi-
tals in which the technology, organizational routines, and
clinical users are self-reinforcing, a fundamental feature of
a highly optimized socio-technical environment [12,17].
In exploring which hospital characteristics are most asso-
ciated with highly automated and usable clinical informa-
tion systems as measured by the CITAT, we found that
hospitals with larger information technology staff, budg-
ets, and capital expenses had statistically significantly
higher scores on automation, test results, and order entry
scores. Spending on these factors alone appears to be
more relevant than other structural factors, such as bed
size, ownership status, and total margin, and persisted
after adjustment for these factors. In a separate sensitivity
analysis, however, after we normalized each of these fac-
tors for hospital size the association diminished or disap-
peared. Although bed size, by itself, was not related to
higher automation scores, these results suggest that larger
hospitals may enjoy an economy of scale with respect to
the high fixed costs associated with large IT projects.
Achieving this level of cost-effectiveness with respect to IT
spending may be more challenging for smaller hospitals.
Likewise, teaching hospitals, perhaps because of their his-
tory of innovation and experimentation, appear to
embrace information technologies sooner than other
types of hospitals. These hospitals scored higher on the
CIT score and on multiple automation and usability sub-
domains. As with other innovations in medicine, it is pos-
sible that academic physicians advocate for newer infor-
CIT
Teaching Status
Non-teaching 474 (77%) 29.2 ref ref ref ref
Teaching 141 (23%) 33.2 <.001 4.14 0.054 4.64 .002
Urban Safety Net Status
Non-safety set 535 (87%) 30.0 ref ref ref ref
Safety net 80 (13%) 31.3 .3318 1.83 0.618 -1.21 0.660
Bedsize
<350 268 (44%) 28.6 ref ref ref ref
≥ 350 347 (56%) 31.3 0.004 2.52 0.080 1.76 0.147
Ownership
Not-for-profit 347 (58%) 30.1 ref ref ref ref
Government 80 (13%) 31.9 2.09 0.572 1.97 0.598
For-profit 170 (29%) 30.1 0.447 -0.48 0.734 -0.62 0.688
Average Age of Plant
> 10 years 367 (60%) 30.3 ref ref ref ref
≥ 10 years 248 (40%) 29.9 0.736 -0.52 0.717 -1.93 0.224
Total Margin
< 0.01 236 (38%) 29.9 ref ref ref ref
≥ 0.01 379 (62%) 30.3 0.739 0.17 0.914 0.54 0.340
IT Operating Expense
<$1 M 163 (28%) 28.2 ref ref ref ref
≥ $1 M 428 (72%) 30.9 0.011 2.61 0.164 1.94 0.309
IT Capital Expense
<$75,000 193 (38%) 29.2 ref ref ref ref
≥ $75,000 313 (62%) 31.1 0.080 1.10 0.462 0.74 0.630
Total IT Staff
<10 248 (44%) 28.5 ref ref ref ref
≥ 10 318 (56%) 31.5 0.002 3.12 0.189 2.48 0.197
* The unadjusted and adjusted regression models were adjusted for percentage of complete responses and clustered by hospital. The adjusted 
models include coefficients adjusted for bed size, total margin, and ownership. ref-reference group.
Table 2: Automation, Usability and Clinical Information Technology (CIT) Scores by Hospital Characteristic (Continued)BMC Medical Informatics and Decision Making 2008, 8:39 http://www.biomedcentral.com/1472-6947/8/39
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Table 3: Sub-Domain Scores by Hospital Characteristics
Order Notes Tests
Hospital Characteristic Physicians βadj *pβadj *p βadj *p
Teaching Status
Non-teaching 474 ref ref ref ref ref ref
Teaching 141 8.73 0.090 -3.09 0.461 10.32 0.044
Urban Safety Net Status
Non-safety net 535 ref ref ref ref ref ref
Urban safety net 80 -0.57 0.939 -0.15 0.976 -2.81 0.629
Bedsize
<350 268 ref ref ref ref ref ref
≥ 350 347 1.57 0.590 1.39 0.551 9.98 0.004
Ownership
Not-for-profit 347 ref ref ref ref ref ref
Government 80 8.84 0.403 0.79 0.878 -2.49 0.729
For-profit 170 -0.05 0.986 1.89 0.502 -20.65 <.001
Average Age of Plant
< 10 years 367 ref ref ref ref ref ref
≥ 10 years 248 -7.78 0.044 0.03 0.992 1.07 0.785
Total Margin
<0.02 236 ref ref ref ref ref ref
≥ 0.02 379 -6.00 0.140 0.75 0.774 8.13 0.030
IT Operating Expense
<$1 M 163 ref ref ref ref ref ref
≥ $1 M 428 8.13 0.002 0.22 0.929 6.67 0.100
IT Capital Expense
<$75,000 193 ref ref ref ref ref ref
≥ $75,000 313 6.24 0.023 -1.71 0.518 7.86 0.048
Total IT Staff
<10 248 ref ref ref ref ref ref
≥ 10 318 8.34 0.007 1.21 0.653 5.56 0.297
Dec. Support Effectiveness User Support
Teaching Status
Non-teaching 474 ref ref ref ref ref ref
Teaching 141 4.21 0.017 4.03 0.075 8.84 0.002
Urban Safety Net Status
Non-safety net 535 ref ref ref ref ref ref
Urban safety net 80 2.96 0.488 -6.71 0.206 2.58 0.341
Bedsize
<350 268 ref ref ref ref ref ref
≥ 350 347 2.50 0.081 1.01 0.570 4.00 0.072
Ownership
Not-for-profit 347 ref ref ref ref ref ref
Government 80 3.93 0.288 -0.13 0.971 -1.45 0.694
For-profit 170 -0.37 0.794 1.04 0.631 0.67 0.805
Average Age of Plant
< 10 years 367 ref ref ref ref ref ref
≥ 10 years 248 -1.39 0.398 -0.45 0.791 -2.90 0.273
Total Margin
<0.02 236 ref ref ref ref ref ref
≥ 0.02 379 0.77 0.624 2.62 0.167 1.42 0.572
IT Operating Expense
<$1 M 163 ref ref ref ref ref ref
≥ $1 M 428 2.42 0.203 0.85 0.690 0.31 0.919
IT Capital Expense
<$75,000 193 ref ref ref ref ref ref
≥ $75,000 313 2.46 0.069 -0.10 0.957 -1.62 0.540
Total IT Staff
<10 248 ref ref ref ref ref ref
≥ 10 318 4.23 0.083 1.41 0.606 1.43 0.727
* The unadjusted and adjusted regression models were adjusted for percentage of complete responses and clustered by hospital. The adjusted 
models include coefficients adjusted for bed size, total margin, and ownership. ref-reference group.BMC Medical Informatics and Decision Making 2008, 8:39 http://www.biomedcentral.com/1472-6947/8/39
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mation technologies, increasing the speed of its adoption
in these organizations.
Contrary to our expectations, a number of hospital char-
acteristics do not appear to be related to the CITAT scores.
Ownership status is not significantly associated with any
of the IT variables, with the notable exception of test
results. Within this latter sub-domain, not-for-profit hos-
pitals scored 20 points higher than for-profit hospitals.
Historically, test results has been among the earliest com-
ponents of the information system to be automated and it
is possible that not-for-profit hospitals, which constitute
the more traditional form of hospital organization, may
have more experience developing this component of their
information systems [18]. Though there has been signifi-
cant attention placed on the promise of computerized
order entry systems to reduce medical errors, starting with
the IOM reports in the 1990s, fewer hospitals have suc-
cessfully installed such systems. We found that hospitals
with older age of plant (i.e., building) scored 8 points
lower on the order entry sub-domain. One might suspect
that newer hospital facilities would be more easily
equipped with computerized order entry systems than
hospitals with older physical facilities, as these results sug-
gest. Perhaps more important than the age of the building
is the newness of its technological infra-structure. The lat-
ter may not necessarily correlate with the building age,
though it could be captured in the age of plant variable
and may explain the findings we observe.
Historically, urban safety net hospitals in the United
States are least able to meet the challenges associated with
acquiring new medical technology [19]. These hospitals
balance multiple claims on their resources, perhaps reduc-
ing the capability to invest in the information technolo-
gies that support healthcare. Our analysis suggests,
however, that urban safety net hospitals in Texas do not
significantly trail their peers. Due to their size and scale,
these hospitals may achieve IT parity because they can
afford the fixed costs necessary for the IT infra-structure
and have decided to pursue this course. In addition, all of
the safety net hospitals in this sample are major teaching
hospitals. Thus, it is difficult to differentiate between the
effects of teaching status and safety net status.
According to recent estimates, adoption of clinical infor-
mation technologies remains low but follows certain pat-
terns [18,20]. Our findings are consistent with these
trends. Historically, the computerized display of lab
results has been among the first aspects to be automated
[20]. In the last decade, digitization of radiological images
has also increased [20]. Both of these components fall
under the test results sub-domain, which in our study
showed the greatest degree of adoption. Though some
hospitals may be experimenting with computerized order
entry and decision support, these efforts have not yet
translated into systems that physicians widely use, as indi-
cated by the low scores in these areas. Electronic decision
support is perhaps the most challenging component to
implement since it requires all other components first. In
this study, notes & records scores were higher than scores
for order entry and decision support, consistent with this
theory and other studies [18].
Usability items in the CITAT do not presuppose the use of
technology. The usability domain is constructed to meas-
ure the ease, effectiveness, and support of the information
system regardless of the technologies in place [13]. As an
example of the types of questions in this domain, one of
the survey items asks whether physicians are able to
obtain adequate computer support in less than 2 minutes.
As might be expected, we found that usability scores were
generally higher than automation scores. It is feasible that
thoughtfully planned paper-based systems could produce
usability scores higher than, or equal to, systems which
employ poorly designed electronic processes. However,
consistent with two previous studies, we found that a
higher automation score correlated with higher usability
scores, suggesting that digitization may be necessary to
produce usable information systems. Alternatively, these
results may indicate that physicians' expectations are
changing; electronic processes may be perceived to be
more usable than non-electronic processes, independent
of overall merits, and therefore are rated more highly.
Usability of the information system, an often elusive goal
for hospital systems, was not specifically associated with
any of the hospital characteristics we measured, with the
exception of teaching status. In that case, hospitals with a
teaching affiliation had higher user support scores than
Scatter plot displaying the relationship between automation  and usability scores by hospital Figure 2
Scatter plot displaying the relationship between automation 
and usability scores by hospital.
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non-teaching hospitals. Our results suggest that usability
may be more dependent on factors we did not measure as
part of our set of hospital characteristics; these may
include the quality and direction of leadership at the insti-
tution, the focus on quality improvement, and the con-
centration on human factors engineering in designing the
information system. This will need to be further examined
in future studies.
This study has important limitations. Our analysis
explores a number of hospital characteristics, raising
issues of multiple testing and increasing the probability of
some false-positive relationships. As with all cross-sec-
tional studies, positive associations will need to be con-
firmed in repeated studies. A Bonferroni correction for the
number of tests performed would have eliminated many
of the significant relationships we report. However, the
Bonferroni method of correction for multiple testing is
itself controversial, and argued by some to be too severe a
method for correction [21]. The purpose of this study was
to find potential relationships to explore further, given
that the explanatory power of a cross-sectional study may
be weak despite the construction of a well-validated
instrument. Appropriate assessment of information tech-
nology requires multiple methods. Survey-based methods
are one important method, but other methods such as
electronic queries, time-motion studies, and qualitative
analyses are needed to arrive at a complete portrait of an
information system. Furthermore this study attaches
importance to higher scores on the CITAT, as a measure of
the strength of the socio-technical environment at the
hospital. However, we do not yet know whether, and to
what degree, CITAT scores correlate with important clini-
cal and financial outcomes. These relationships will need
to be assessed in the future.
Conclusion
This study explores the relationship between hospital
characteristics and information system characteristics
among a diverse set of urban hospitals in the United
States. Our findings suggest that those hospitals with an
academic affiliation or those who spend significantly on
IT capital and staff achieve higher automation scores. We
found that fewer of the hospital characteristics we meas-
ured were meaningfully associated with usability scores.
Further studies, using a variety of methods, should exam-
ine what organizational factors, such as policies, norms,
and cultures, could explain these relationships.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
RA and NRP conceived of and designed the study. RA and
ACC disseminated the survey and acquired the data. RA,
NRP, LP, MDW, DJG participated in the analysis and
interpretation of the data. RA, NRP, ACC drafted the man-
uscript; RA, NRP, LP, MDW, DJG made critical revisions to
the manuscript; All authors participated in the statistical
analysis and read and gave final approval to the manu-
script. Both RA and NRP had full access to all of the data
in the study and take responsibility for the integrity of the
data and the accuracy of the data analysis. None of the
authors have any conflicts of interest, including specific
financial interests and relationships and affiliations rele-
vant to the subject matter or materials discussed in the
manuscript.
Acknowledgements
The authors wish to thank the Commonwealth Fund, NY, for their gener-
ous funding support of this study. The Commonwealth Fund was not 
involved in the design and conduct of the study, the collection, manage-
ment, analysis or interpretation of the data, or the preparation, review, or 
approval of the manuscript. The authors wish to thank our partners in this 
study: the Texas Hospital Association, the Texas Health Institute, the Texas 
Medical Association, and the Texas Department of State Health Services.
References
1. Bates DW: The quality case for information technology in
healthcare.  BMC Med Inform Decis Mak 2002, 2:7.
2. Bates DW, Gawande AA: Improving safety with information
technology.  N Engl J Med 2003, 348(25):2526-2534.
3. Berg M: Implementing information systems in health care
organizations: myths and challenges.  Int J Med Inform 2001,
64(2–3):143-156.
4. Kilbridge P: Computer crash–lessons from a system failure.  N
Engl J Med 2003, 348(10):881-882.
5. Ash JS, Berg M, Coiera E: Some unintended consequences of
information technology in health care: the nature of patient
care information system-related errors.  J Am Med Inform Assoc
2004, 11(2):104-112.
6. Southon FC, Sauer C, Grant CN: Information technology in
complex health services: organizational impediments to suc-
cessful technology transfer and diffusion.  J Am Med Inform Assoc
1997, 4(2):112-124.
7. Ash J: Organizational factors that influence information tech-
nology diffusion in academic health sciences centers.  J Am
Med Inform Assoc 1997, 4(2):102-111.
8. Anderson JG: Clearing the way for Physicians' Use of Clinical
Information Systems.  Communications of the ACM 1997, 40:83-90.
9. Meijden MJ Van Der, Tange HJ, Troost J, Hasman A: Determinants
of success of inpatient clinical information systems: a litera-
ture review.  J Am Med Inform Assoc 2003, 10(3):235-243.
10. Chaudhry B, Wang J, Wu S, Maglione M, Mojica W, Roth E, Morton
SC, Shekelle PG: Systematic review: impact of health informa-
tion technology on quality, efficiency, and costs of medical
care.  Ann Intern Med 2006, 144(10):742-752.
11. Jha AK, Ferris TG, Donelan K, DesRoches C, Shields A, Rosenbaum
S, Blumenthal D: How common are electronic health records
in the United States? A summary of the evidence.  Health Aff
(Millwood) 2006, 25(6):w496-507.
12. Wears RL, Berg M: Computer technology and clinical work:
still waiting for Godot.  Jama 2005, 293(10):1261-1263.
13. Amarasingham R, Diener-West M, Weiner M, Lehmann H, Herbers
JE, Powe NR: Clinical information technology capabilities in
four U.S. hospitals: testing a new structural performance
measure.  Med Care 2006, 44(3):216-224.
14. Amarasingham R, Pronovost PJ, Diener-West M, Goeschel C, Dor-
man T, Thiemann DR, Powe NR: Measuring clinical information
technology in the ICU setting: application in a quality
improvement collaborative.  J Am Med Inform Assoc 2007,
14(3):288-294.Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
BMC Medical Informatics and Decision Making 2008, 8:39 http://www.biomedcentral.com/1472-6947/8/39
Page 11 of 11
(page number not for citation purposes)
15. Zuckerman S, Bazzoli G, Davidoff A, LoSasso A: How did safety-net
hospitals cope in the 1990s?  Health Aff (Millwood) 2001,
20(4):159-168.
16. Berg M, Aarts J, Lei J van der: ICT in health care: sociotechnical
approaches.  Methods Inf Med 2003, 42(4):297-301.
17. Aarts J, Doorewaard H, Berg M: Understanding implementation:
the case of a computerized physician order entry system in
a large Dutch university medical center.  J Am Med Inform Assoc
2004, 11(3):207-216.
18. Poon EG, Jha AK, Christino M, Honour MM, Fernandopulle R, Mid-
dleton B, Newhouse J, Leape L, Bates DW, Blumenthal D, et al.:
Assessing the level of healthcare information technology
adoption in the United States: a snapshot.  BMC Med Inform
Decis Mak 2006, 6:1.
19. NAPH: Capital Investments and the Safety Net.  In NAPH Issue
Brief Washington, DC; 2003. 
20. Ash JS, Bates DW: Factors and forces affecting EHR system
adoption: report of a 2004 ACMI discussion.  J Am Med Inform
Assoc 2005, 12(1):8-12.
21. Perneger TV: What's wrong with Bonferroni adjustments.  Bmj
1998, 316(7139):1236-1238.
Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1472-6947/8/39/prepub